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abstract  satellite 

iSnftoi:1foR?ng1o/fn  advanced  au— 

This  article  summarizes  basiq  docking  as  well  as  the 

associated  ^P^S®s''^^lobal  positioning  system  (GPS)  ,  the  ^ 

composition  of  V:®:  ^-ecision,  and  difference  principles, 

principles  of  of  relative  motion  equation 

If ter  which  it  sets  out  ^wo  motion  equation  solutions, 

forms.  Making  use  possible  to  complete  the 

pure  GPS,  and  bracking  Spacecraft  approaching  target 

entire  guidance  process  o  possible  to  economize  on  such 

:=-.S;  5pSa.r;.sr,r.rss 

feasible  and  accurate.  docking  Spacecraft 

5LS  anfcoSttoJ  ’^IJobirpositioning  system  (GPS) 
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1  SUMMARY  OF  SPACE  RENDEZVOUS  AND  DOCKING 

Rendezvous  and  docking  is  one  tpie  of  advanced  process 
associated  with  astronavigational  Jlrrving 

sItcS  :ilurtSI;;^tiof^?ch'there^s" 

rway  to  jn  one  go,;  adding^r  -placr^ 

eouiSmeni-  ?ecov«ro£  Prodnc?t;  'peSodic  refueling  and 

SSH°e  °!a?ds-I'a;icSio?^n^^^  =.ce 

Ltintenance  and  search  and  rescue  m^issions,  and  s  • 

Rendezvous  refers  to  two  or  n,ore_^spacecra£ 

other  £“  to  the  structural  Connecting  of  two 

tunes.  Docking  after  meeting  each  other  in  orbit, 

spacecraft  into  °h® . ‘=°'ly  Cf  aeCCdvnamics  and  control, 

SCS^reihCCforicarCcirafiCtCiCrit  is  guite  a  complicated 

P'°="irfar  as  the  realization  °£  ?Jtrhive“?Sf ' 

it  can  possess  "^he^e^a^ftSte  whl?e  people 

been  applied  ft.the  present  tme^  there example,  the 

directly  participate  in  soacecraft)  and  those  people 

joint  flight  of  Apollo  remote  control,  (for  example.  Peace 

complete  from  sake  of  cosmonaut  safety  as  well  as 

space  station).  For  the  ^ake^of ^cosmon^^  directly  operated  by 

economic  considerations,  p  r  rendezvous  remotely 

people  should  be  avoided.  As  far  as concerned,  even  if  one 
controled  by  people  fro  aatellites  such  things  as  signal 
opts  for  the  use  of  f^^l^^encS!  Infso  on,  will  still  be 

delays,  ®l®^5^°"^^^S®aitonomouf ?2Sdezvous  systems  will  be  the 

produced.  Advanced  autonomous  rena 

target  a  new  generation  rendezvous  and  docking  which 

^  At  the  present  the  space  renae  j,  the  four 

is  normally  opted  for  utiliztions  approach,  and 

phases  of  ground  °?oLd  Control,  tracking  spacecraft 

docking.  First  of  all,  under  grouna 

complete  some  ''maneuvers.  sensitive  components  on  board 

associated  with  "‘easurements  by  Raided  close  along 

satellites,  tracking  spacecraft  are^agiv  J  ^ed.  To 

side  target  spacecraft.  Final  y^  corresponding  hardware 

this  end,  it  is  aecessa  y _ example,  enormous  ground 

equipment  and  software  f^ncti  .  ^  data  transmission  and 

tlleSetry  and  control  systems,  air^grouna^^^^  satellites  . 

communications,  ^  ^  distances  (for  example,  radar,  pickup 

associated  with  different  distances  (x  f  telemetry  and 

cameras,  laser  sensors,  and  so  on).  Thi^  ^^^racy,  and  low 

Sn5“ions  ani  dockiig  systems  at  the  present 
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+-iTT»e  In  reqard  to  looking,  for  new  advanced  autonomous 
Porrrnfnrs^JtenVps,  which  is 

2  SATELLITE  GLOBAL  POSITIONING  SYSTEM 

The  global  positioning  system  (GPS)  is  the  ^-S- 
generSLfsateUite  navigation  system.^  JresSrt^r  ft  L 
1973.  It  has  n^veady  been  se  _  all  weather  position, 

capable  of  providing  .  associated  with  various  types  of 
speed,  and  tome  inform  aircraft,  and  spacecraft  at  several 

vehicles,  ships,  personnel,  a  vicinity  of  the  surface  of 

hundred  altitu  ,  n  navigation,  maritime, 

the  earth.  GPS  has  already,  or  is  in  the 

prcess  of  obtaining,  veg;  appltoatrons^^^ 

®H  il  f?”nSefntS  liltributed  in  six  orbital  planes  at 
composed  of  21+3  •  -^elv  20000  km,  transmiting 

orbital  altitudes  of  PP  .  around  portion  includes 

navigational  data  to  control  stations,  and  entry 

monitoring  and  control  s  orbits  of  GPS  satellites  and  doing 

stations  used  in  "‘®®®“vi'>9  *he  orbits  ot  ^ 

Calculations.  In  lire  Calibrated,  controled 

other  data  associated  with  mj^e  user  portion 

and  completed  by  GPS  on  GPS  receivers,  and,  in 

CeceiveC  P°®i^i°“i?f  ^ICCCIsf CCif^tfCn  data.  Different  users 

“CilCf  Crcelifrs^^fCh  If  ®«f  3fg“rs-lint^;ossible  to  obtain 

errors  inside  100  meters.  regard  to  situations  where 

errors  are  at  100  nanoseconds .  With  g  r  ^j.__for  example 

positioning  land,  missile  guidance,  space 

aircraft  entering  airfields  ^  station  orbital  ^ 

shuttle  guidance,  satellite  and  the  use  of 

determination,  and  so  ^  ^  ^  „ge  of  two  GPS  receivers 

difference  type  GPS.  Thi  ^^^er  going  through  appropriate 
operating  at  the  same  ^J^®*  eliminate^ system  errors,  causing 
processing,  it  is  possibl  around  5  meters.  If  one  again 

positioning  J  wave  Phase  differences,  accuracies 

opts  for  the  use  of  carrie  P  to  satellite  or  space 

can  reach  to  around  ^  ">®«^-3/Cendez?oua  and  docking,  this  is  a 

feC^ICon-CroTtCCeSCtry  and  control. 

3  relative  MOTION  EQUATIONS-ASSOCIATED  WITH  SPACECRAFT 

rendezvous 

Assuming  that  target  spacecraft  make  circular  orbit  or  near 
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circular  orbit  flights  and  that  coordinate  system  oxy  is  fimly 
connected  to  them  (see  Fig.l),  then,  the  relative  motions  of 
tracking  spacecraft  and  target  spacecraft  can  use  the  equations 
set  out  below  to  make  approximate  descriptions [ 1  ] . 


—  2<^y  =  flx 
<y  -r  ZoJX  —  Zary  =  a, 
[z  +  <trz  =  a. 


(1) 


Fig.l  Orbital  Coordinate  System 


to  is  the  orbital  angular  velocity  of  target  spacecraft. 

;and  a’^are  thrust  Ihd,  interference^prca^accaleratron 


form: 


p  —  —  piw  +  ( 3sin*9cos^0  —  1)  =  a, 

3 

^Pf+  2/o(tt»  +  9)  —  2/o(a>  +  f)6tg6  —  YjOtt>2sin29’  =  a^/cosB  (  2  ) 

1  3 

pB  +  Zpd  +  yCw  +  fYsmZd  +  —poi^sinZdsm^f  =  a. 


ILditions  with  r^ard  to  equation  sets  The  results  are,^_^^ 
SnlrSile^tan^dr:  missions.  /7S 


4  GPS  APPLICATIONS 
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Research  f-rly  shows,  that  the  ^verage^of^GP^  with  regard 

5Ia:?^i!?trfs^a3eS!te  srac-rii??  Te^d^-is 

speed,  attitude  and__t»e^tn£o^atronJo^^^P 

articiris  only  limited  to  discussing  GPS  positioning 
applications 


4.1  Single  Unit  GPS  Applications 

Direct  applications  of  single^OPS^units^are^og^le^of^^^^^^ 

giving  100  meter  ranae  of  10  -  100  km  from  target 

Ind  guide  them  to  within  a  range  orbital  determination 

spacecraft.  This  type  ^emoL  control  stations,  making 

Ts  capable  of  ^^^ing  on  ^ound  remot^^^  Eliminating  delays 
orbital  corrections  in  and  forth  between 

associated  with  i^^°^^^i°gaves  ^  ground  data  processing. 

Incleesing  the  Sloctaled  with  traditional 

ttlemetry  and  control  syst^s^  £or^eKa™p^^^^^^^ 

|ra???f WeldsfSelLetry  and  control  station  posrtron 
and  so  on. 

4.2  position  Difference  GPS  Applications 

4=  -i-TTo  r*PS  ir©c©iv©3r  units 

-  position  difference  makes  use  of^^  erample, 

operating  at  the  same  t^e^not^  •  ??on!na®!s  capable 

“Itfo^  ?o-c“Sorfracking  sP-c^t^^Lf  in'e^atlon  (1,  are 
feMrorbei:rp?:Ss-5‘'sp%cified  by  GPS  as: 

[X.  y.  z]  - 

Reference  information 

SfhfnI  iracrcfaft; 

Sfference,  the  ^®f®^®^^®^hat  it  pertains  to  relative  POf^tion. 
spacecraft  with  the  result  that  difference  GPS 

Tn  order  to  compensate  for  tn  nossible  to  take  GPS 

positioning  speed  being  ‘  solutions  in  regard  to  equation 

positioning  and  combine  it  wiun 

(!)• 


4.3'  pseudo  Range  Difference  GPS  Applications 

C 


Pseudo  range  difference  makes  use  of  GPS  measured  pseudo 
ranges,  and  it  is  not  necessary  to  solve  for  positions. ^  In  this 
way,  it  is  then  possible  to  save  on  signal  processing  time  and 
increase  positioning  speed.  By  the  same  token,  this  is  relative 
positioning.  Assuming  that  the  pseudo  range  from  target 
spacecraft  to  gPS  satellite  is  RR  ,  tracking  spacecraft  pseudo 
range  is  RU  .  Because  of  this,  the  relative  distance  between  the 
two  spacecraft  can  be  expressed  as 

p  =  “T"  Rr  ( 4  ) 


AS  far  as  this  type  of  method  is  concerned,  precise  specification 
of  relative  distances  is  very  simple  and  convenient .  Then , 
making  use  of  GPS  angular  measurement  functions,  it  is  possible 
to  make  a  rapid  solution  with  regard  to  equation  (2). 

5  SIMULATIONS  AND  CONCLUSIONS 

This  article  carried  cut  simulations  of  certain  low  orbit 
spacecraft  rendezvous  processes.  Tracking  spacecraft  orb 
parameters  were: 

Hemi  major  axis:  a  -  6706.221  km. 

Eccentricity:  e  =  0.024578, 

Orbital  angle  of  inclination:  i  65  , 

Ascending  node  right  ascension:  n  3  , 

Perigee  angular  distance:  «  -  50  . 

"  «r«-rrrf=t  soacecraft  selected  the  same  orbital  plane  as_ 
tracking  Ipaclcrtrt  and  circular  orbits  with  the  same  Periods. 

^SifcroHsrrtrf? 

Dosition  difference  added  to  dynamics  model 

r^SsTnl  So^l  rsi^^foninf  b^Jfference  OPS 

^  /i\  Palculation  results  are  seen  in  Fig.z.  in  i^/  t 

model  (1).  Caicuiariou  ic  orbit  calculated  purely  from 

tra?L°nft^i.  ‘^b^f  thfSrSit  using  difference 
SPStdynamics  model  at  i°”-„3itxoning  by  difference  GPS 

?rSlf ^rfcl^f 

f?lm%namics  model  (1).  Calculation  results  are  seen  in  Fig. 3. 
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Fig. 2  X  Direction  Error 

Key:  (1)  Meters  (2)  Thousand  Seconds 


(P 


xcjtt) 


Fig. 3  X  Direction  Error 

Key:  (1)  Meters  (2)  Thousand  Seconds 

Results  clearly  show  that  errors  associated  with  orbit  c 
nreciselv  specified  by  pure  dynamic  model  get  constantly  larger 

ttae";  ^hey  are  capa^e  of  reagxng^a ^ew 

^stt!oning?”‘er?o?;  rapidly  dLfniaht  Moreover,  the  higher  GPS 

'?*h"?hfa  reirafcf  wlirit'’irX""le  to  hkow  that 
satellite  positioning  system  GPS  is  capable  of  being  an  advanced 
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autonmous  space  rendezvous  system  provide  synchronous 
aucomuuua  a4-4-i4-,,de  and  time  information.  Using  GPS 

^°ct+-tonino^  it^is  possible  to  complete  the  entire  process  of 
positioning,  changing  orbit,  homing  toward  target 

tracking  spacecraft,  from  cn  g  g  option  is  made  for  the  use 

determination  up  to 

of  completely  and  control  sections.  This  then 

now,  economizing  on  personnel  strength  and  materiel. 

IS  not  ®^°^°™gg^the  soLces  of  errors  which  telemetry  and 

Moreover,  it  reduces  tne  s  nii-rina  the  homing  phase,  use 

control  equipment  carry  with  °“ting  the  h^inq 

is  made  of  difference  GPS  to  “hi  ^innt  of  software 

laser  sensors.  i i?es  is  small.  Accuracies  are 

ri°q“^'T”h!s''°ift°hI  Ifrlt  lirei^fr^^n^  control  system  selected 

for  a  new  rllellohir  dSigT  concepts  and  simulations 

This  article  only  ^  carry  out  spacecraft 

associated  rcI®®tc£^work  should  concentrate 

rendezvous  and  '  tions  of  GPS  position,  speed,  attitude, 

on  comprehensive  applicatiot  causing  the 
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